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Experimental

N,N-Bis(2-quinolylmethyl)-N’-(tert-butoxycarbonyl)ethylenediamine (3a). To the dry
CH;CN solution (50 mL) of 2-chloromethylquinoline (470 mg, 2.65 mmol) and N-Boc-
ethylenediamine (212 mg, 1.32 mmol) was added potassium carbonate (1.10 g, 8.0 mmol)
and potassium iodide (660 mg, 3.98 mmol), then refluxed for 2 days under N,. The resultant
solution was cooled to r.t. and the solvent was evaporated. After addition of CHCI;, the
precipitate was filtered and the filtrate was evaporated to give compound 3a as a brown oil
(581 mg, 1.31 mmol, 99%). 'H NMR (CDCls): & 8.17 (d, J= 8.9 Hz, 2 H), 8.07 (d, J = 8.2
Hz, 2 H), 7.77 (d, J= 8.1 Hz, 2 H), 7.69 (dd, J = 8.5, 6.7 Hz, 2 H), 7.55 (d, /= 8.5 Hz, 2 H),
7.50 (ddd, J=17.9, 7.9, 0.9 Hz, 2 H), 6.60 (br., 1 H), 4.09 (s, 4 H), 3.321 (m, 2 H), 2.85 (m, 2
H), 1.51 (s, 9H). 13C NMR (CDCly): 6 159.7, 147.4, 136.3, 129.3, 129.0, 127.4, 127.3, 126.2,
121.0, 61.0, 53.7, 39.1, 28.9. Anal Calcd. for C,7H39N4O, (3a): H, 6.83; C, 73.28; N, 12.66.
Found: H, 7.00; C, 73.54; N, 12.75.
N,N-Bis(1-isoquinolylmethyl)-N’-(tert-butoxycarbonyl)ethylenediamine (3b). To the dry
CH;CN solution (100 mL) of 1-chloromethylisoquinoline (907 mg, 5.10 mmol) and N-Boc-
ethylenediamine (409 mg, 2.55 mmol) was added potassium carbonate (2.80 g, 20.3 mmol)
and potassium iodide (1.70 g, 10.2 mmol), then refluxed for 2 days under N,. The resultant
solution was cooled to r.t. and the solvent was evaporated. After addition of CHCI;, the
precipitate was filtered and the filtrate was evaporated to give compound 3b as a brown oil
(quant.). "TH NMR (CDCls): 6 8.43 (d,J= 5.8 Hz, 2 H), 8.04 (d, /=9.2 Hz, 2 H), 7.77, (d, J =
8.9 Hz, 2 H), 7.61 (dd, J=7.9, 7.0 Hz, 2 H), 7.54 (d, /= 6.1 Hz, 2 H), 7.33 (dd, /= 7.9, 7.0
Hz, 2 H), 5.77 (br., 1 H), 4.37 (s, 4 H), 3.25 (br., 2 H), 2.84 (dd, /= 6.4, 5.5 Hz, 2 H), 1.37 (s,
9H). *C NMR (CDCl): 6 157.7, 141.2, 136.0, 129.7, 127.1, 126.9, 126.7, 125.7, 120.4, 59.4,
53.9, 38.4, 28.6. Anal Calcd. for C,75H3;5Cl;sN4O,5 (3b): H, 6.83; C, 73.28; N, 12.66.

Found: H, 7.03; C, 73.14; N, 12.94.
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N,N-Bis(2-quinolylmethyl)ethylenediamine (4a). Compound 3a (581 mg, 1.31 mmol) was
dissolved in conc. HCI (5.0 mL) and stirred overnight at r.t. Aqueous NaOH solution (5N)
was added until pH 11 and the solution was extracted with CH,Cl,. The organic layer was
dried, evaporated and washed with CH;CN to give compound 4a as a white powder (417 mg,
1.22 mmol, 93%). 'H NMR (CDCl3): & 8.13 (d, J = 8.5 Hz, 2 H), 8.05 (d, J = 8.5 Hz, 2 H),
7.78 (d, J = 8.5 Hz, 2 H), 7.66-7.72 (m, 4 H), 7.50 (ddd, J = 8.2, 7.9, 1.2 Hz, 2 H), 4.05 (s, 4
H), 2.80 (br., 2 H), 2.75 (br., 2 H). 3C NMR (CDCl;): 5 160.1, 147.5, 136.3, 129.4, 129.0,
127.5, 127.3, 126.2, 121.0, 62.0, 58.2, 40.0. Anal Calcd. for C;,H», 9N4Og 45 (4a): H, 6.48; C,
77.16; N, 16.36. Found: H, 6.28; C, 77.32; N, 16.11.
N,N-Bis(1-isoquinolylmethyl)ethylenediamine (4b). Compound 3b (1.20 g, 2.60 mmol)
was dissolved in conc. HCI (10.0 mL) and stirred overnight at r.t. Aqueous NaOH solution
(5N) was added until pH 11 and the solution was extracted with CHCl;. The organic layer
was dried, evaporated and washed with CH;CN to give compound 4b as a cream-colored
powder (829 mg, 2.42 mmol, 93%). '"H NMR (CDCl;): 6 8.43 (d, /= 5.8 Hz, 2 H), 7.97 (d, J
= 8.5 Hz, 2 H), 7.78 (d, J = 8.2 Hz, 2 H), 7.59 (ddd, 7.0, 7.0, 1.2 Hz, 2 H), 7.56 (d, J = 6.4
Hz, 2 H), 7.22-7.28 (m, 2 H), 4.32 (s, 4 H), 2.77 (dd, 3.1, 2.4 Hz, 4 H). 13C NMR (CDCls): 5
158.2, 141.4, 136.2, 129.8, 127.5, 127.0, 126.7, 120.7, 60.5, 58.1, 39.7. Anal Calcd. for
C2H2,6ClosN4Og» (4b): H, 6.48; C, 77.16; N, 16.36. Found: H, 6.33; C, 76.98; N, 16.28.
N,N-Bis(2-quinolylmethyl)-/N’,N’-bis(tert-butoxycarbonylmethyl)ethylenediamine (5a).
To the DMF solution (3 mL) of compound 4a (200 mg, 0.58 mmol) and fert-butyl
bromoacetate (0.17 mL, 1.16 mmol) was added potassium carbonate (660 mg, 4.76 mmol)
and potassium iodide (400 mg, 2.40 mmol), then stirred for 4 days at r.t. under N,. After
addition of water, the reaction mixture was extracted with CHCI; and the organic layer was
washed with brine, dried, evaporated and washed with CH;CN to give compound 5a as a

light yellow powder (275 mg, 0.48 mmol, 83%). 'H NMR (CDCl;): & 8.10 (d, J= 8.5 Hz, 2
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H), 8.03 (d, J= 8.5 Hz, 2 H), 7.73 (d, J = 8.5 Hz, 2 H), 7.71 (d, J = 8.1 Hz, 2 H), 7.66 (ddd, J
=8.5,7.0, 1.5 Hz, 2 H), 7.49 (ddd, J= 8.1, 6.9, 1.2 Hz 2 H), 4.05 (s, 4H), 3.39 (s, 4 H), 2.99
(dd, J=17.6, 6.0 Hz, 2 H), 2.79 (dd, J = 7.6, 6.0, 2 H), 1.35 (s, 18 H). *C NMR (CDCl;): &
170.4, 160.4, 147.4, 136.2, 129.2, 129.0, 127.4, 127.3, 126.0, 121.2, 80.9, 61.7, 56.2, 53.0,
52.1. Anal Calcd. for C34H43N4O45 (5a-0.5H,0): H, 7.48; C, 70.44; N, 9.66. Found: H, 7.30;
C, 70.42; N, 9.61.
N,N-Bis(1-isoquinolylmethyl)-N’,N’-bis(tert-butoxycarbonylmethyl)ethylenediamine
(5b). To the DMF solution (3 mL) of compound 4b (653 mg, 1.91 mmol) and zert-butyl
bromoacetate (0.56 mL, 3.82 mmol) was added potassium carbonate (2.20 g, 16.0 mmol) and
potassium iodide (1.30 g, 7.83 mmol), then stirred for 4 days at r.t. under N,. After addition
of water, the reaction mixture was extracted with CHCl; and the organic layer was washed
with brine, dried, evaporated and washed with CH;CN to give compound 5b as a white
powder (930 mg, 1.60 mmol, 84%). '"H NMR (CDCls): 6 8.42 (d, J= 6.0 Hz, 2 H), 8.15 (d, J
=8.4Hz, 2H),7.75(d,J=8.2 Hz, 2 H), 7.59 (ddd, J= 8.2, 7.0, 1.2 Hz, 2 H), 7.54 (d, J= 6.4
Hz, 2 H), 7.20 (ddd, J = 8.2, 7.0, 1.2 Hz, 2 H), 4.28 (s, 4 H), 3.26 (s, 4 H), 2.98 (dd, J= 6.7,
6.7 Hz, 2 H), 2.73 (dd, J = 6.7, 6.7 Hz, 2 H), 1.32 (s, 18 H). 3C NMR (CDCl3): & 170.2,
158.5, 141.3,136.2, 129.8, 127.6, 127.3, 126.5, 126.54, 120.48, 80.7, 60.4, 55.4, 52.5, 50.5.
Anal Calcd. for C34H4oN4O4 (Sb): H, 7.42; C, 71.55; N, 9.82. Found: H, 7.50; C, 71.39; N,
9.77.

N,N’-Bis(2-quinolylmethyl)ethylenediamine (6a).! To the MecOH solution (30 mL) of
quinoline-2-carboxaldehyde (230 mg, 1.4 mmol) was added ethylenediamine (0.05 mL, 0.7
mmol) in MeOH solution (7 mL) at 0 °C, and stirred for 1.5 h at r.t. After evaporation of the
solvent, the residue was dissolved in EtOH (25 mL) and NaBH, (150 mg, 4.0 mmol) was

added, then stirred overnight at r.t. After evaporation of the solvent, water was added and the
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product was extracted with CHCl;. The organic layer was dried and evaporated to give
compound 6a as a colorless oil (230 mg, 0.7 mmol, 92%).
N,N’-Bis(1-isoquinolylmethyl)ethylenediamine (6b). To the MeOH solution (30 mL) of
isoquinoline-1-carboxaldehyde (600 mg, 3.82 mmol) was added ethylenediamine (0.13 mL,
1.91 mmol) in MeOH solution (10 mL) at 0 °C, and stirred for 1.5 h at r.t. After evaporation
of the solvent, the residue was dissolved in EtOH (30 mL) and NaBH, (290 mg, 7.60 mmol)
was added, then stirred overnight at r.t. After evaporation of the solvent, water was added and
the product was extracted with CHCl;. The organic layer was dried and evaporated to give
compound 6b as a brown oil (quant.). 'H NMR (CDCls): & 8.43 (d, /= 5.8 Hz, 2 H), 8.18 (d,
J=84Hz 2H),7.80(d,J=79Hz 2H),7.65(ddd, J=7.9, 7.0, 1.2 Hz, 2 H), 7.58 (ddd, J
= 8.4, 7.0, 1.2 Hz, 2 H), 7.53 (d, J = 5.8 Hz, 2 H), 4.45 (s, 4 H), 3.01 (s, 4 H). 3C NMR
(CDCl;): & 158.6, 141.5, 136.0, 129.8, 127.2, 127.1, 126.6, 124.7, 124.5, 119.9, 52.5, 49.8.
Anal Calcd. for C,,HyNy (6b): H, 6.48; C, 77.16; N, 16.36. Found: H, 6.17; C, 77.26; N,
16.17.

N,N’-Bis(2-quinolylmethyl)-/NV,/N’-bis(tert-butoxycarbonylmethyl)ethylenediamine (7a).
To the DMF solution (3 mL) of compound 6a (1.03 g, 3.00 mmol) and fert-butyl
bromoacetate (0.88 mL, 6.00 mmol) was added potassium carbonate (3.0 g, 20 mmol) and
potassium iodide (2.0 g, 12 mmol), then stirred for 4 days at r.t. under N,. After addition of
water, the reaction mixture was extracted with CHCI; and the organic layer was washed with
brine, dried, evaporated and washed with CH;CN to give compound 7a as a cream powder
(1.56g, 2.73 mmol, 91%). 'H NMR (CDCl;): & 8.57 (d, /= 8.5 Hz, 2 H), 8.36 (d, /= 5.8 Hz,
2 H),7.74 (d,J=8.1 Hz, 2 H), 7.59 (dd, /= 8.1, 7.0 Hz, 2 H), 7.51 (d, /= 5.8 Hz, 2 H), 7.43
(dd, J= 8.1, 7.2 Hz, 2 H), 4.29 (s, 4 H), 3.27 (s, 4 H), 2.80 (s, 4 H), 1.41 (s, 18 H). *C NMR

(CDCl3): 6 170.5, 158.2, 141.3, 136.2, 129.8, 127.7, 126.9, 126.7, 126.6, 120.5, 80.9, 59.7,
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56.4, 52.0, 28.5. Anal Calcd. for C34H4,N4O4 (7a): H, 7.42; C, 71.55; N, 9.82. Found: H,
7.22; C,71.27; N, 9.42.

N,N’-Bis(1-isoquinolylmethyl)-/V, N’-bis(tert-butoxycarbonylmethyl)ethylenediamine
(7b). To the DMF solution (3 mL) of compound 6b (500 mg, 1.46 mmol) and fert-butyl
bromoacetate (0.43 mL, 2.92 mmol) was added potassium carbonate (1.60 g, 11.6 mmol) and
potassium iodide (970 mg, 5.84 mmol), then stirred for 4.5 days at r.t. under N,. After
addition of water, the reaction mixture was extracted with ethyl acetate and the organic layer
was washed with brine, dried and evaporated to give compound 7b as an orange oil (713 mg,
1.25 mmol, 86%). 'H NMR (CDCly): & 8.57 (d, J = 8.2 Hz, 2 H), 8.35 (d, /= 5.8 Hz, 2 H),
7.74 (d, J= 8.2 Hz, 2 H), 7.59 (ddd, /= 8.2, 7.0, 1.2 Hz, 2 H), 7.51 (d, /= 5.5 Hz, 2 H), 7.43
(ddd, J=8.2,7.0, 1.2 Hz, 2 H), 4.29 (s, 4 H), 3.27 (s, 4 H), 2.80 (s, 4 H), 1.41 (s, 18 H). 13C
NMR (CDCls): 6 170.5, 158.2, 141.3, 129.8, 127.7, 126.9, 126.7, 126.6, 120.4, 100.1, 80.8,
59.7, 56.4, 52.0, 28.5. Anal Calcd. for C34H4oN4O4 (7b-0.3H,0): H, 7.45; C, 70.88; N, 9.72.
Found: H, 7.44; C, 70.85; N, 9.65.
N,N-Bis(2-quinolylmethyl)-/N’,N’-bis(ethoxycarbonylmethyl)ethylenediamine (V,N-
BQENDA-Et). To the CH;CN solution (15 mL) of compound 4b (390 mg, 1.14 mmol) and
ethyl bromoacetate (0.25 mL, 2.28 mmol) was added potassium carbonate (1.3 g, 9.4 mmol)
and potassium iodide (740 mg, 7.83 mmol), then stirred at 60 °C under N, for 2 days. The
resultant solution was cooled to r.t. and the solvent was evaporated. After addition of CHCI;,
the precipitate was filtered and the filtrate was evaporated and purified by column
chromatography (alumina, AcOEt/hexane 10/1, Ry = 0.4) to give N, N-BQENDA-Et as an
orange oil (264 mg, 0.5 mmol, 45%). '"H NMR (CDCls): 6 8.12 (d, /= 8.5 Hz, 2H), 8.04 (d, J
=7.9 Hz, 2H), 7.70-7.79 (m, 4H), 7.67 (ddd, J = 8.2, 7.0, 1.5 Hz, 2H), 7.49 (dd, J = 7.9, 0.9
Hz, 2H), 4.01-4.08 (m, 8H), 3.51 (s, 4H), 3.00 (dd, J = 6.4, 7.3 Hz, 2H), 2.80 (dd, J= 7.6, 6.1

Hz, 2H), 1.16 (t, J = 7.2 Hz, 6H). 3C NMR (CDCl;):[] 8 171.0, 160.2, 147.4, 136.2, 129.3,
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129.0, 127.4, 127.3, 126.1, 121.2, 61.7, 60.6, 55.2, 52.7, 52.1, 14.5. Anal Calcd. for
C30H34N4O4 (N,N-BQENDA-Et): H, 6.66; C, 70.02; N, 10.89. Found: H, 6.70; C, 70.22; N,
10.80.

N,N-Bis(1-isoquinolylmethyl)-N’,N’-bis(ethoxycarbonylmethyl)ethylenediamine (/V,/NV-1-
iso BQENDA-Et). To the CH;CN solution (10 mL) of compound 4b (70 mg, 0.2 mmol) and
ethyl bromoacetate (0.05 mL, 0.4 mmol) was added potassium carbonate (220 mg, 1.6 mmol)
and potassium iodide (130 mg, 0.8 mmol), then stirred at 60 °C under N, for 2 days. The
resultant solution was cooled to r.t. and the solvent was evaporated. After addition of CHCI;,
the precipitate was filtered and the filtrate was evaporated and purified by column
chromatography (alumina, AcOEt/hexane 10/1, Ry = 0.4) to give N,N-1-isoBQENDA-Et as a
yellow oil (62 mg, 0.12 mmol, 60%). "H NMR (CDCls): & 8.43 (d, /= 5.8 Hz, 2H), 8.16 (d, J
= 7.9 Hz, 2H), 7.76 (d, J = 7.9 Hz, 2H), 7.54-7.61 (m, 4H), 7.23 (dd, J = 8.9, 8.2 Hz, 2H),
4.23 (s, 4H), 4.00 (q, J = 7.2 Hz, 4H), 3.35 (s, 4H), 2.97 (dd, J = 6.4, 6.4 Hz, 2H), 2.73 (dd, J
= 6.1, 6.7 Hz, 2H), 1.14 (t, J= 7.3 Hz, 6H). 3C NMR (CDCl;): 5 170.8, 158.4, 141.4, 136.2,
129.8, 127.6, 127.2, 126.6, 126.6, 120.6, 60.4, 60.3, 54.4, 52.4, 50.7, 14.5. Anal Calcd. for
C;30H34N404 (V,N-1-i1s0BQENDA-Et): H, 6.66; C, 70.02; N, 10.89. Found: H, 6.68; C, 69.80;

N, 10.68.
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Fig. S1. Zinc titration profile for 34 uM 1a in 50 mM HEPES buffer containing 0.10 M KCl
(pH = 7.50) at 25 °C. (a) UV-vis absorbance changes at 303 nm. (b) Fluorescence intensity
changes (Aex = 315 nm) at 456 nm. (c¢) Overlay of the fluorescence spectra for 34 uM

[Zn(1a)] in HEPES buffer (red) and DMF/water (1:1) (blue).
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Fig. S2. Zinc titration profile for 34 uM 2a in 50 mM HEPES buffer containing 0.10 M KCl
(pH = 7.50) at 25 °C. (a) UV-vis absorbance changes at 304 (red) and 317 nm (blue). (b)

Fluorescence intensity changes at 377 nm (Aex = 317 nm).
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Fig. S3. Zinc titration profile for 34 uM 1b in 50 mM HEPES buffer containing 0.10 M KCl
(pH = 7.50) at 25 °C. (a) UV-vis absorbance changes at 311 nm. (b) Fluorescence intensity
changes (Aex = 324 nm) at 469 nm. (c¢) Overlay of the fluorescence spectra for 34 uM

[Zn(1b)] in HEPES buffer (red) and DMF/water (1:1) (blue).
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.5

4.1% Rel.2mpl][ 0.50 Alpha] S.Dev = 7.712415E-05
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Residuals < 2 s.dev 94.77124 percent
Residuals < 3 s.dev = BZ6

99.626532 percent
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Fig. S6. Fluorescence lifetime measurement for 34 pM 1a in 50 mM HEPES buffer

containing 0.10 M KCI (pH = 7.50) at 456 nm (A¢ = 295 nm, 25 °C).
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presence of 1 equivalent of zinc (red, circles), cadmium (blue, squares) and other metal ions

(various colors, no marks).



S17

—173 —199
—229 ——258
—286 —3.12
338 ——368
—401 ——434
—455 —479
—3505 ——531
—3533 —511
—598 —62
—643 —6.71
—6.84 —711
— 138 —7.69
—8.03 83
—84 — 887
9.02 925
94 97
991 102
10.47 10.86
11.24 11.59
450 11.95 12.36
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Fig. S32. '"H NMR spectrum of 6b in CDCl;.
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Fig. S44. 'H NMR spectrum of N, N-1-isoBQENDA-Et in CDCls.
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Fig. S45. 13C NMR spectrum of N,N-1-isoBQENDA-Et in CDCl;.
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